Background: The traditional type of smokeless tobacco used in the Arabian Peninsula, particularly common in Yemen, is called shammah. This study aims to determine the prevalence of shammah use and its association with the development of periodontal pockets. Other associated factors with the development of periodontal pocket were also determined. Methods: This cross-sectional study included 346 adult males aged 18 years old to 68 years old. Sociodemographic characteristics, oral hygiene practices, and shammah use history were surveyed by using a structured interview questionnaire. The clinical assessment for the presence or absence of periodontal pockets was assessed on the basis of community periodontal index. The chi-square test was used to assess significant differences in study groups in terms of the presence of periodontal pockets. Multivariable logistic regression was selected to assess potential associated factors with the development of periodontal pockets. Results: Among the 346 adult males, 248 (71.7 %), 30 (8.6 %), and 68 (19.7 %) males never used shammah, were former shammah users, and were current shammah users, respectively. The significant associated factors with the development of periodontal pocket were age group (30 years old and above) (Adjusted Odds Ratio (AOR) = 2.03, 95 % CI: 1.13, 3.65; P = 0.018), low family income category (AOR = 2.35, 95 % CI: 1.39, 3.99; P = 0.001), former shammah user (AOR = 2.66, 95 %: CI: 1.15, 6.15; P = 0.022), and current shammah user (AOR = 6.62, 95 %: CI: 3.59, 12.21; P = 0.001).
Background
Although tobacco cigarette smoking seems common worldwide, smokeless tobacco (SLT) is widely used in various forms, such as in tobacco chewing and snuffing [1] . Studies in South Asia and Southeast Asia have identified that the use of SLT in these regions is similar to betel quid chewing [2] and snuff-dipping or snus habits in the United States and Scandinavia [3] . The traditional type of SLT used in the Arabian Peninsula, including Yemen and several parts of the Kingdom of Saudi Arabia and Algeria, is known as shammah [4] [5] [6] .
Shammah is a snuff-dipping form of SLT prepared by mixing powdered tobacco, calcium oxide, ash, black pepper, oils, and flavors [7] . This form of SLT is available in several varieties and is grouped according to color and composition. Some forms of shammah are used as white, black, and gray powder [5] . The gray powder is locally known as toombak and is the most commonly used form in South Yemen. Toombak is composed of powdered tobacco leaf and ash.
To date, few studies have been conducted on the prevalence of shammah use in the Arabian Peninsula. Most of these studies focused on the prevalence of shammah use among adolescents rather than among adults [8, 9] . In Yemen, a cross-sectional study was conducted on adult outpatients aged 18 years old and older. These outpatients visited dental clinics at the AlThawra Modern General Hospital in Sana'a, Yemen. The study results showed that 4.4 % of the participants (23 patients out of 520 patients) were shammah users [10] .
SLT use may cause cancer of the head and neck [11] , pancreas [12] , and oral diseases such as periodontal disease and mucosal lesions [13, 14] . Periodontal disease is a condition resulting from a complex interaction of many factors, such as age [15] , socioeconomic status [16] , oral hygiene practice [17] , and SLT use [18] . These factors may affect the progression of periodontal disease. However, bacterial plaque is considered the primary etiological factor [19] .
The mechanisms in which tobacco use contributes to the pathogenesis of periodontitis are not yet clearly understood. However, the fundamental mechanisms leading to the development of chronic periodontitis are closely related to the dynamics of the immune and inflammatory responses of the host to the periodontal pathogens in the dental biofilm immunoregulator controlling the T helper 1/ T helper 2 cytokine profiles in a periodontal disease [20] .
Immune and inflammatory responses are important for understanding the pathogenesis of periodontal diseases, and these responses are orchestrated by a number of either intrinsic or induced host-related factors [21] . A balance between microbial virulence factors and host response exists under normal circumstances. Accordingly, tissue homeostasis is maintained as long as this balance is preserved. The balance between microbial virulence factors and host response in periodontitis is impaired in favor of microbial challenge. Tobacco is an environmental factor that interacts with the host cells and affects the inflammatory responses to this microbial challenge [22] . The toxic components of tobacco (mainly nicotine) may also directly or indirectly cause the deterioration of periodontal tissues.
Nicotine, a major component and the most pharmacologically active agent of tobacco, is likely a significant factor in the exacerbation of periodontal diseases with an increase in pocket depths, loss of periodontal attachment and alveolar bone, and high rate of tooth loss [16] . Previous studies have shown that oral SLT use is associated with gingival and periodontal effects, such as gingival recession [23] , gingivitis [9] , and interproximal attachment loss [18] . However, the relationship between SLT use and generalized periodontal conditions has not been definitively demonstrated [24] . Furthermore, other studies have revealed that SLT is not associated with periodontal disease [9, 25] .
Nonetheless, studies on SLT affecting adult periodontal health, particularly shammah use, have been rarely performed. For the current study, we hypothesize that shammah use is associated with development of periodontal pockets. Therefore, this study aims to improve our understanding of the effect of shammah use on oral health among adult males in Yemen.
Methods

Study design and area
A cross-sectional study was conducted from June 2014 to November 2014. A total of 346 participants aged 18 years old to 68 years old were invited to Al-Ebtesammah Dental Clinic in Dawan Valley, Yemen. Dawan Valley is a district of Hadhramout Province located in the eastern part of the Republic of Yemen in the Arabian Sea coast.
Inclusion and exclusion criteria
Yemeni males aged 18 years old and older with at least two intact natural teeth were included in this study. Smokers, khat leaf chewers, individuals diagnosed with diabetic mellitus, blood dyscrasia, immunodeficiency diseases, mental disorders, and hearing impairment, as well as individuals undergoing periodontal treatment procedures and consuming drugs affecting periodontal status, were excluded from this study.
Ethical approval
All of the participants provided written informed consent before they were enrolled in this study. 
Sampling method
A multi-stage random sampling technique was used to select the study location. On the basis of the list of the people's committee in Dawn Valley, a simple random sampling approach was employed to select the participants for this study (Fig. 1 ).
Research questionnaire
A structured questionnaire was designed to record socio-demographic characteristics (age, family income, and education level), oral hygiene practices (daily tooth brushing, daily dental flossing, dental visits, and mouth rinsing with water after shammah use), shammah status (non-user, former user, and current user), frequency of shammah use per day, annual duration of shammah use, and duration of shammah in the mouth per minute. In terms of shammah status, current shammah users were individuals who consumed shammah either daily or occasionally; former users were those who consumed no shammah for at least a year; non-users were those who have never consumed shammah.
Oral examination
Before data collection, a calibration exercise was performed to diagnose the periodontal status of 20 shammah users. The kappa score of raters was 0.91 (P < 0.001; 95 % CI = 0.74, 1.08).
The WHO Community Periodontal Index (CPI) [26] was employed for the clinical assessment of the presence or absence of periodontal pockets using a CPI probe (no. 621). A participant with periodontal pocket depth 4 or 5 mm were given score 3 and participants with periodontal pocket depth > 6 mm were scored 4. CPI scores 3 -4 were grouped as presence of periodontal pockets. By contrast, participants who had CPI score 0 (healthy periodontium), score 1 (bleeding observed, directly or by using mouth mirror, after sensing with CPI probe), and score 2 (calculus felt during probing but all the black area of the visible) were group as absence of periodontal pockets.
In CPI, dentition is divided into 6 sextants defined by tooth number. For each sextant, the examined index teeth were 17, 16, 11, 26, 27, 47, 46, 31, 36, and 37, in Fig. 1 Flow chart of sampling the participants residing in Dawan valley using multi-stage sampling method to obtain the calculated sample size which the highest score was recorded. A sextant was examined if two or more teeth were present but not subjected to extraction. The participants underwent a clinical oral examination on a dental chair under good lighting conditions. A trained dental assistant was assigned to handle the equipment's and assist in recording.
Statistical analysis
Data entry and analysis were performed by using SPSS 20.0 (IBM, USA). Descriptive data were presented as percentage (%) for categorical variables. The chi-square test was used to assess the significant differences in study groups in terms of the presence of periodontal pockets. Multiple logistic regression analyses was performed to determine the potential factors associated with dependent variable (scores 0-2 of CPI/ scores 3-4 of CPI). The variables were selected and included in the multiple logistic regression analysis model in accordance with the backward step-wise multiple logistic regression method. Multicollinearity and interaction terms were verified. Hosmer-Lemeshow goodness-of-fit test results, classification tables, and area under the receiver operating characteristic curve were obtained to assess the model fitness.
Results
Comparison of socio-demographic characteristics of the participants with and without periodontal pockets Table 1 shows the socio-demographic characteristics of the participants with and without periodontal pockets. A total of 346 participants were analyzed in the current study. The prevalence of periodontal pocket is 26.6 %. Participants 30 years old and above have significantly higher proportions of periodontal pockets (73.9 %) than patients aged 18-29 years old (26.1 %) (P = 0.043). The proportion of periodontal pocket is higher (62.0 %) among participants who have a family income of equal to or less than YER 20,000 per month (P = 0.001). Participants belonging to the lowest level of education have the highest prevalence of periodontal pockets (54.3 %) (P = 0.001).
Comparison of oral hygiene practice of the participants with and without periodontal pocket Table 1 shows the distribution of the participants by oral hygiene practices, such as daily tooth brushing, flossing, dental visits, and mouth rinse with water after shammah use in relation to the presence of periodontal pockets. In particular, the prevalence of periodontal pockets (59.8 %) is highest among participants who never brush their teeth after shammah use (P = 0.001). The participants who never used dental floss for cleaning their teeth have higher proportions of periodontal pockets (96.7 %) than participants who used dental floss (3.3 %). However, the difference is not statistically significant (P = 0.188). The prevalence of periodontal pocket is higher (56.5 %) among participants who never had dental visits compared with other categories of dental attendance variables. However, no significant association exists between groups even though the prevalence of periodontal pockets is higher (82.1 %) among participants who rinsed their mouth with water after using shammah compared with those who did not use it.
Comparison of history of shammah use of the participants with and without periodontal pockets
Of total of 248 participants 71.7 % have never used shammah, 30 participants (8.6 %) are former shammah users, and 68 participants (19.7 %) are current shammah users ( Table 1 ). The proportion of periodontal pockets is 45.7, 12.0, and 42.4 % among non-shammah users, former shammah users, and current shammah users, respectively. Among the shammah users in this research, the participants who used shammah 6-10 times per day have higher proportions of periodontal pocket (59.0 %) than participants in other groups. However, the difference is statistically insignificant. With regard to the annual duration of shammah use, the participants who have been shammah users for more than10 years have higher proportions of periodontal pockets (64.1 %) than participants in other groups. In terms of duration of shammah use placed in the mouth per minute, the participants who placed shammah in their mouths for more than 5 min have higher proportions of periodontal pockets (92.3 %) than participants in other groups (Table 1) .
Risk indicators associated with periodontal pocket
Multiple logistic regression analysis was performed to determine the risk indicators in development of periodontal pockets. Table 2 shows significant association between periodontal pocket development and age. Participants aged 30 years old and above have 2.03 times higher odds of developing periodontal pocket than participants aged 18-29 years when other variables are adjusted. Moreover, participants with family income of YER 20,000 or fewer have 2.35 times higher odds of developing periodontal pockets than participants with higher family income (more than YER 20,000). Participants who previously used shammah have 2.66 times higher odds of developing periodontal pocket than those participants who have never used shammah. Participants who currently use shammah are 6.62 times more likely to develop periodontal pocket than participants who have never used shammah.
Discussion
Population studies on the prevalence of SLT use in the Arabian Peninsula are scarce [8, 10] . In this study, the prevalence of SLT use (19.7 %) among adult males is comparable to previous findings in India (21 %) [10] . However, this value is higher than the reported value in Saudi Arabia (2.0 %) [8] . High prevalence of SLT use in this study can be attributed to the rural nature of Dawan Valley. Previous studies have reported high prevalence rates of SLT use in mountainous and rural areas [27] [28] [29] . Periodontal disease has emerged as a major public health problem and is among the most prevalent chronic diseases leading to tooth loss [30] . Such diseases are serious threats to the prevention of oral diseases in developed and developing countries, including Yemen. Data describing the risk factors associated with periodontal disease, particularly shammah are highly limited in Yemen.
The prevalence of periodontitis in this study is comparable with a study conducted in China (25.9 %) [31] . However, a higher prevalence of periodontitis (44.69 %) has been recorded in Libya [32] , but a lower prevalence (15.8 %) was reported among adults in India [33] than that obtained in the present study. This difference can be attributed to sampling size and methods in the studies.
The results of multiple logistic regression analysis reveal that shammah use is a factor that influences the development of periodontal pockets after socio-demographic characteristics and oral hygiene practices have been adjusted. Current shammah users are at greater risk of developing periodontal pocket than former and nonshammah users. The onset of periodontal pockets differs considerably between current and former shammah users. Thus, we conclude that the previous and current use of shammah plays an analogous role in the disappearance of periodontal disease once the shammah use is stopped. Our findings are similar to those of previous studies that report a significant association between periodontal disease and tobacco use [18, 34, 35] . Kumar et al. [36] examined 513 dentate adult males to determine the effect of tobacco use on the severity of periodontal disease in India. Their study showed that SLT users are likely to develop periodontal disease than smokers. By contrast, a study conducted in Saudi Arabia revealed that shammah is not a significant risk indicator in development of periodontal Multiple logistic regression -Backward step wise LR multiple logistic regression was applied -Multicolinearity and interaction term were checked and did not found -Hosmer-Lemeshow test, (P = 0.865), classification table (overall correctly classified percentage (78.3 %) and area under Receiver Operating Characteristics (ROC) curve (74.1 %) were checked the fit of the model and reported to be fit disease [9] . Such contradictory observations may be attributed to several factors, such as differences in the trends of oral SLT practices and in the type of SLT products used by the respective populations.
Previous studies have supported the strong confounding effects of socio-demographic factors on periodontal pocket development [37, 38] . Eke et al. [39] estimated the prevalence, severity, and extent of periodontitis on a sample of 3742 adults aged 30 years old and above. Their study showed that periodontitis increases with age. The study of Gundala and Chava [40] shows a significant decrease in periodontitis with increasing income. Similarly, the current study highlights the association of age and lower family income with periodontal disease development.
Conclusion
The prevalence of SLT use is (19.7 %). Using shammah for more than 10 years and placing the shammah in the mouth for more than 5 min are associated with periodontal pockets. Current shammah users as well as former shammah users, individuals age older than 30 years, and low family income group are at high risk in development of periodontal pockets. The findings of the current study highlight the need to develop comprehensive shammah prevention programs and reduce periodontal disease and other shammah-associated diseases.
